By boosting the vertex operators of Witten's S L(2; R)=U (1) black hole, we show that in the region V they lead to the primary elds of c = 1 matter coupled to gravity at nonzero cosmological constant, while there is no such correspondence in the region I, showing that Witten's black hole corresponds to 2d gravity only in a certain region and in a speci c limit. By using the free eld representation , we will show that the stress tensor of S L(2; R) gauged by its nilpotent subgroup is equivalent to that of the Liouville theory with zero cosmological constant.
Introduction
The study of the black hole background of string theory in the context of gauged WessZumino-Witten (GWZW) models has attracted much attention in the last two years 1?4] .One of the interesting features of these investigations is the relation between the Minkowski 2d black hole ,i.e. ,the SL(2; R) theory with a U(1) subgroup gauged, and the 2d gravity, i.e., the Liouville theory coupled to c = 1 matter 5?12] . In Ref. 1] it was argued that as it is not possible to remove one of the parameters of the two dimensional black hole in favour of the Liouville eld in all the regions (near in nity and near horizon of region I of Ref. 1] ),therefore the theory can not be regarded as a non-critical string theory of c = 1 matter coupled to gravity. In agreement with this result Distler and Nelson 6] studied the BRST cohomology of the black hole and found that there are more discrete states in the black hole than in the Liouville theory.Also by looking at the behaviour of the states of the black hole near the horizon, Marcus and Oz 12] found out that there are only a few states that do not diverge near the horizon and therefore are physical, and the W 1 states are not among them .
On the other hand using the free eld realization of SL(2; R)=U(1) and the true BRST charge in the black hole it was shown that as far as the energy-momentum tensor is concerened, the model is identical to 2d gravity 8;13] . Recently it has been argued that 18] there are null states in the black hole which lead to even more discrete states than in Ref. 6] . So the question of this relationship is open and requires further investigation. In this paper we will study the relation by a di erent route,i.e.,by gauging the SL(2,R) by a nilpotent subgroup.
In Ref. 14] we studied the SL(2; R)=E 1 theory (E 1 is generated by a nilpotent element = 3 + i 2 ) and found that at the quantum level an extra coordinate is eliminated and the resultant one-dimensional e ective action is the Liouville action . To understand this elimination of a coordinate, we looked at SL(2; R)=U t (1) , where U t (1) is generated by t 3 which is a boosted 3 found that there is a remnant bosonic eld which couples to the slowly varying Liouville background in region V (Fig.1). (with coupling constant which vanishes at t = 1).This indicated a relation between black hole and c = 1 matter coupled to gravity. We will now continue our investigation by studying the vertex operators of SL(2; R)=U t (1).
We will show that the primary elds in the regions V and III lead to the vertex operators of c=1+Liouville, but the elds of region I do not reduce to c=1+Liouville. In this way we will show that there is no correspondence between these two theories in all the regions (in agreement with the result of Ref.1 in region I); but otherwise the c=1+Liouville theory is only the limit of a black hole in the regions III and V. We will also show that the eigenvalues of play the role of cosmological constant in Liouville theory (as in Ref 
In region I, a suitable gauge condition is , a ? b = 0.
In Ref. 3 ] it was found that there are four di erent vertex operators in region I which have di erent behaviours near the horizon and in nity. Among these elds, one ,denoted U ! , can be naturally extended to the region III and we will therefore work with it rst, as it can be extended to di erent regions of space-time. Its explicit form is 3] : U ! = e ?2i! F ! (y) = e ?2i! (?y) ?i! B( + ; ? ); F( + ; ? ; 1 ? 2i!; y) (4) where B( ; ) = ?( )?( )=?( + ), F is the hypergeometric function 2 F 1 , and = 1 2 ? i( !) (5) Now to nd the relation between this theory and the c=1+Liouville theory we will look at the behaviour of vertex operators of SL(2; R)=U t (1) . At nite values of t , these operators are the same as those of SL(2; R)=U(1) , as t 3 is conjugate to 3 , and at t = 1 they will reduce to SL(2; R)=E(1), which we will show later to be equivalent to the vertex operators of Liouville theory. But the most interesting limit, is the case where t is close to in nity. As we will see, in this limiting region a relation between the black hole and c=1+Liouville theory will emerge. However, it is more convenient to work with the boosted group element g , in Eq. (1), rather than using the state corresponding to the U t (1 In the second case, all the terms in U ! (t) are nite and there are no simpli cations in the t ! 1 limit.
From these results it is apparent that there are no relations between the vertex operators of the region I (at t ! 1 limit) and the c=1+Liouville vertex operators. The same result is obtained if one consideres the other vertex operators of region I and no correspondence can be seen.Therefore we must seek this relation in the other regions of the black hole. (12) where y = uv and = 1 2 ln(u=v) and the gauge condition is a + b = 0. As this function has no singularity when crossing the singularity at y = 1, it can be trivially continued to region III.
In the same way as discussed in the previous section, the corresponding vertex operator of SL(2; R)=U t (1) 
The above equation is exactly the Liouville action at zero cosmological constant.The same result can be otained if we consider the stress tensor of SL(2; R)=U t (1) and look at its behaviour at t ! 1 .
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